Abstract
Introduction
There has been much interest recently in the genetic evaluation of milk production traits in dairy cattle using a test day model (TDM). The advantages of a TDM include a more accurate correction for environmental effects relevant to each test day (TD) record (Ptak and Schaeffer, 1993 ); ability to model the shape of the lactation curve to differ for each cow and estimation of persistency evaluations (Jamrozik et al., 1997) .
Prior to the application of a TDM, the use of part lactation TDs usually involved projecting to a 305-day yield. Such projection procedures usually assume a fixed shape of lactation curve for all cows and tend to underestimate 305-day yield from early TDs for more persistent cows and overestimate yields for the less persistent cows. This tends to adversely affect the initial evaluations for young bulls based mainly on part lactation records. Their breeding values are either under or over-predicted relative to breeding values estimated from completed 7  14  28  42  63  98  140  182  238  280  301  308   7  0·09  0·99  0·98  0·96  0·90  0·79  0·67  0·59  0·52  0·47  0·44  0·43  14  0·99  0·10  0·99  0·97  0·93  0·83  0·71  0·63  0·56  0·50  0·46  0·45  28  0·96  0·98  0·12  0·99  0·96  0·89  0·79  0·71  0·63  0·55  0·49  0·47  42  0·91  0·94  0·99  0·16  0·99  0·93  0·85  0·78  0·69  0·59  0·52  0·49  63  0·82  0·87  0·95  0·98  0·19  0·98  0·92  0·86  0·77  0·65  0·56  0·52  98  0·69  0·76  0·87  0·93  0·98  0·24  0·98  0·95  0·86  0·71  0·60  0·56  140  0·59  0·66  0·79  0·87  0·94  0·99  0·28  0·99  0·92  0·78  0·66  0·62  182  0·52  0·60  0·73  0·82  0·91  0·97  0·99  0·30  0·96  0·85  0·74  0·70  238  0·45  0·53  0·67  0·76  0·86  0·93  0·97  0·99  0·30  0·95  0·89  0·85  280  0·41  0·48  0·61  0·70  0·79  0·86  0·91  0·94  0·98  0·26  0·98  0·97  301  0·38  0·45  0·56  0·64  0·73  0·80  0·85  0·89  0·95  0·99  0·21  0·99  308  0·37  0·43  0·54  0·62  0·70  0·77  0·82  0·86  0·93  0·98  0·99  0·20 lactations. The initial underestimation or overestimation has been termed the record-inprogress dip (or rip-dip) effect (Jamrozik et al., 1997) . The TDM has the advantage that it avoids such explicit projection prior to data analysis. The TDM of Ptak and Schaeffer (1993) fitted a fixed lactation curve within age and season of calving subclasses (fixed regression model) and the breeding values estimated represented genetic differences between animals at the height of the curves. The TDM was extended (Schaeffer and Dekkers, 1994) to account for individual cow differences in the shape of the curve (random regression model) and hence, should be more efficient in overcoming or reducing the ripdip effect. However, there has been no study to compare the efficiency of the fixed and random regression models in overcoming the rip-dip effect, especially for young bulls with all or the majority of their daughters with incomplete lactations. This paper compares the efficiency of part lactation TD records in first parity for the genetic evaluation of bulls and cows using fixed and random regression models fitting Legendre polynomials to model the lactation curves.
Table 2 Genetic correlations (lower triangle) between different days in milk, heritabilities (diagonal) and correlations between permanent environmental effects (upper triangle) in different days in milk calculated from the genetic parameters used for the random regression model analyses

Material and methods
The data consisted of 9 242 783 TD records for first lactation milk yield of 1 134 042 Holstein Friesian heifers that calved since 1991. A single-trait random regression model (RRM) fitting Legendre polynomials to model the lactation curve was implemented to analyse milk yield. The model was:
where Y tljk is the test day record of cow j made on day t within herd-test-date subclass l , for a cow belonging to subclass k of age at calving by season of calving; β k are the fixed regressions coefficients specific to the subclass k ; v is the vector of the first five Legendre polynomials for the t th day in milk; a j and p j are vectors of three random regressions for animal and permanent environmental effects respectively for animal j ; φ jt is the vector of the first three Legendre polynomials for the TD record of cow j made on day t ; and e tljk is the random residual. A total of 734 970 herd-test date subclasses were present in the data. The fixed regressions were estimated within nine subclasses of age at calving by season of calving. The first five Legendre polynomials were developed by Brotherstone et al. (2000) . The genetic parameters for the random regressions for animal and permanent environmental effects (Table 1 ) and residual effects employed in the analyses, were those estimated by Brotherstone et al. (2000) . The residual variances were 8·104 kg 2 , 5·616 kg 2 , 3·165 kg 2 and 4·817 kg 2 for 4 to 21, 22 to 35, 36 to 280 and 281 to 305 days in milk respectively. Daily heritabilities, genetic correlations between different days in milk and correlations between permanent environmental effects in different days in milk are given in Table 2 .
The model for the fixed regression analysis was:
where u j and pe j are the animal additive genetic and permanent environmental effects respectively for animal j , and all other terms in (2) are as defined previously for (1). The genetic parameters employed in the analysis were estimated on a data set of 38 640 Holstein/Friesian heifers with 290 584 TD records using the same model as in (2) with the ASREML package (Gilmour et al., 2000) . The estimated variances for the additive genetic effect and permanent environmental effects were 5·521 kg 2 and 8·470 kg 2 , respectively. The same residual variance structure as for the RRM was used, therefore daily heritabilities for milk yield in the FRM were 0·25, 0·28, 0·32 and 0·29 for 4 to 21, 22 to 35, 36 to 280 and 281 to 305 days in milk respectively.
Gauss Seidel iteration with over-relaxation was employed to solve the mixed model equations, iterating on the data. The equations were assumed to have converged when the sum of squares of differences between new and old solutions divided by the sum of squares of new solutions was less than 10 -7 . Predicted transmitting abilities (PTAs) for 305-day milk yield were computed for every animal from the random regression coefficients for the RRM analyses after convergence. For the fixed regression model (FRM) PTAs for 305-day yield were calculated by multiplying the PTAs for the daily yield from the analysis by 305.
Persistency evaluations (PS) were calculated from the RRM analysis as in the Canadian TD evaluation procedure (Schaeffer et al., 2000) :
where PTA 280 and PTA 60 are predicted transmitting abilities for bulls on days 280 and 60 respectively and Z 280 and Z 60 are the average yields of cows in the genetic base on days 280 and 60 respectively.
To examine the efficiency of TD in utilizing part TD yields, 114 young bulls with daughter group sizes varying from 25 to 93 and with at least 80% of daughters having nine to 10 tests were selected. These bulls were the sires of 4697 heifers, of which 3166 had 10 tests. The whole data set was reanalysed, using models (1) and (2) with the TD records of daughters of these bulls restricted to the first 2 TD records (that is, TD records ≥ 3 were discarded). From these analyses, PTAs for 305-day yields were calculated for the 114 bulls and 3166 heifers and compared with those estimated from the analyses with no restriction on TD records within each model. For the RRM only, persistency evaluations were also calculated for bulls from this analysis and compared with an analysis based on all TDs.
In addition, further evaluations were produced where the TDs of all daughters of the 114 bulls were restricted to the first 4 TDs and then the first 6 TDs. Similar calculations and comparisons were then made as in the case where TDs were restricted to the first 2 TDs.
In summary, evaluations for the group of 114 bulls and their 4697 daughters were produced from data sets with 2 TDs, 4 TDs, 6 TDs and all data with both a FRM and RRM.
Using the results from the RRM, three groups of about 60 cows each were formed, on the basis of differences between cow PTAs from the analysis using all 10 TDs (PTA10) and PTAs from the analysis using only the first 4 TDs (PTA4). Group 1 (G1) consisted of cows which were under-predicted, where the differences (PTA10-PTA4) were at least +150 kg milk; the second group (G2) consisted of cows accurately predicted where the differences (PTA10-PTA4) were between +1·5 and -1·5 kg milk; and for group 3 (G3), the cows were those overpredicted where the differences (PTA10-PTA4) were -150 kg milk or less. Although this grouping of cows was based on PTAs from the RRM, the results from the FRM for these cows followed the same trend. For each group the mean lactation curve was plotted after correcting TDs for age effects within season.
Similarly, using results from the RRM, 3 categories of bulls, each consisting of four bulls, were formed based on differences in bull PTAs from an analysis using all 10 TDs of daughters and only the first 2 TDs (PTA2). Category 1 (C1) was bulls under-predicted where the differences (PTA10-PTA2) were at least +200 kg milk; category 2 (C2) was bulls accurately predicted where the differences (PTA10-PTA2) were between +5 and -5 kg milk and the last category, category 3 (C3) included bulls over-predicted with differences (PTA10-PTA2) of -200 kg milk or less. No. = number of animals. Min. = minimum. Max. = maximum.
Results from FRM for the bulls in the three categories followed the same trend and therefore, conclusions from this grouping are equally applicable to the FRM situation. From each category the mean lactation curve was plotted from all the daughters of the bulls after correcting TDs for age effects within season.
Results
For the 3166 heifers with 10 TDs, the rank correlations between PTAs from 10 TDs and those from part lactation TDs (two, four and six tests) are shown in Table 3 . The simple correlations were the same and have not been shown. The correlations between PTAs estimated from 10 TDs and those estimated from part lactation TDs obtained from the FRM were very similar to those from the RRM. A correlation of 0·91 (0·92 FRM) was obtained between PTAs based on 2 TDs and those from 10 TDs for heifers. This indicates there will be substantial reranking in heifer evaluations based on 10 TDs compared with 2 TDs. However, with 4 and 6 TDs, the correlations increased to 0·96 and 0·98 respectively (Table 3) . These correlations generally indicate good predictions of PTAs with the use of 4 and, particularly, 6 TDs with a TDM.
The distribution of differences between PTA10 and PTA2 for the RRM and FRM (Figure 1a) indicates some cow PTAs could be over or under-predicted by over 200 kg of milk when using the first 2 TDs relative to evaluations based on 10 TDs. However, Figure 1 indicates that FRM resulted in a higher proportion being under-predicted relative to the RRM with 2 TDs. For instance, about 7% of cows were under-predicted by ≥ 160 kg milk compared with 4% with the RRM. On the other hand, RRM had a slight tendency to over-predict cows PTAs with 2TDs, with 8% over-predicted by up to 160 kg milk compared with 7% from the FRM. The means and standard deviations of negative differences (overprediction) and positive differences (underprediction) between PTA10 and PTA2 are given in Table 4 . The FRM resulted in under-prediction of cow PTAs with 2 TDs relative to 10 TDs for cows with high persistency but both models resulted in similar levels of over-prediction.
The distribution of differences between PTA10 and PTA4 for RRM and FRM is given in Figure 1b . A similar distribution of differences between PTA10 and PTA6 is shown in Figure 1c . Both figures indicate that relative to 10 TDs, the use of 4 or 6 TDs resulted in more cows with over or under-predictions of at least 160 kg milk with the FRM when compared with the RRM. The mean under and over-predictions for cows with 4 or 6 test days were higher and more variable with the FRM compared with the RRM (Table 4) .
Graphs showing the mean lactation curve of groups of cows whose PTAs were under-predicted by at least 150 kg milk (G1); accurately predicted to within ± 1·5 kg milk (G2) and over-predicted by at least 150 kg milk (G3), when using the initial 4 TDs relative to 10 TDs with the RRM are in Figure 2 . The curve for G1 indicates these cows were more persistent through the whole lactation. The use of the initial 4 TDs to model the lactation curve of these cows was inadequate, hence the under-prediction.
The curve for G3 shows that these were cows associated with a high early lactation yield which declined rapidly as lactation progressed. The lactation curve modelled on the initial high 4 TDs was therefore higher than the actual curve from 10 TDs, resulting in over-prediction. In the case of G2, the curve generally resembles a typical lactation curve, therefore the initial 4 TDs gave an accurate prediction.
For bulls, a rank correlation of 0·95 was obtained between PTAs estimated from 2 TDs with PTAs estimated from 10 TDs (Table 3 ) from the RRM (0·97 FRM), indicating that there will be some re-ranking of bull proofs when using 2 TDs. Again, simple correlations were the same and have not been shown. However, with 4 and 6 TDs, high rank correlations of 0·98 and 0·99 respectively were observed with evaluations from 10 TDs. The high correlations indicate very little re-ranking and hence, the adequacy of bull evaluations based on 4 or more TDs.
The figures showing the distribution of differences, PTA10-PTA2, PTA10-PTA4 and PTA10-PTA6 for bulls were similar in pattern to those for cows and have, therefore, not been shown but are briefly summarized. Similar to cows, the FRM resulted in a higher proportion of bulls being under-predicted relative to the RRM, considering the distribution of PTA10 -PTA2 for bulls. About 8% of bull PTAs were under-predicted by ≥ 120 kg milk compared with 4% using the RRM. However, the RRM resulted in a higher proportion of bulls being over-predicted compared with the FRM. For instance, 16% of bull PTAs were over-predicted by ≥ 160 kg milk compared with 12% with the FRM. This is consistent with the means and the standard deviations of over and under-predictions in bull PTAs when using 2 TDs relative to 10 TDs (Table 4) for both the RRM and FRM. The mean over-prediction in PTAs was 26 kg milk higher with the RRM, while the mean underprediction was 10 kg milk higher with the FRM.
The distribution of PTA10-PTA6 for bulls indicated that more bull PTAs were under and over-predicted by ≥ 80 kg milk with the FRM compared with the RRM. The mean over and under-predictions in bull PTAs (Table 4 ) from the FRM were 18 kg and 8 kg milk respectively higher than those from the RRM. However, the distribution of PTA10-PTA4 for bulls showed a higher proportion of bull PTAs were under-predicted (18%) by ≥ 80 kg milk with the RRM relative to the FRM (11%). This resulted in mean under-prediction in bull PTAs being higher by 6 kg with the RRM. On the other hand, the FRM resulted in 10% of bull PTAs being over-predicted by ≥ 80 kg milk compared with 6% with the RRM. The mean over-prediction was 6 kg milk higher with the FRM.
The plots of the mean lactation curve of daughters of bulls whose PTAs were under-predicted by ≥ 200 kg of milk (C1), accurately predicted within ± 5 kg of milk (C2) and over-predicted by ≥ 200 kg milk (C3) when using the initial 2 TDs relative to 10TDs from the RRM, are in Figure 3 .
For bulls in C1, daughters were persistent through the lactation with no pronounced peak of lactation. The initial 2 TDs were inadequate, therefore, to model the shape of the lactation curve and this resulted in an under-prediction of the PTA and a typical illustration of the rip-dip effect. The difference in persistency PTAs for these bulls estimated from 10 TDs (PS10) and 2 TDs (PS2) varied from +5 to +7%, indicating the daughters of these bulls were very persistent.
For bulls in C2, the curve is more or less a typical lactation curve which declines gradually after the peak. Hence, using only the first 2 TDs, which will result in a typical lactation curve being fitted, gave very good PTA predictions. The daughters of bulls in C3 have lactation curves with a high early peak and rapid decrease as the lactation progresses. The early TDs are not characteristic of the whole lactation, hence using the first two high TDs resulted in a large over-prediction in bull proofs. The difference between persistency PTAs based on 10 TDs and 2 TDs (PS10-PS2) ranged from -5 to -10% for these bulls, indicating the initial 2 TDs over-predicted the persistency of the daughters of these bulls. This is the opposite of the situation in C1, and although also termed the rip-dip effect, it might be more appropriately called the 'rip-hype' effect, as it gives high initial proofs which decrease as daughters complete their lactations. No. = number of bulls, Min. = minimum, Max. = maximum.
The correlations between bull persistency evaluations estimated from 10 TDs with those from restricted TDs are in Table 5 . A medium correlation of 0·64 was obtained between persistency PTAs from 10 TDs and 2 TDs. The correlation increased to 0·71 with 4 TDs and 0·85 with 6 TDs. For 6 TDs, this moderately high correlation was unexpected, given the high correlation of 0·99 (Table 3) between evaluations for yield from 6 and 10 TDs. The correlation for persistency evaluations from 6 TDs with those from 10 TDs increased to 0·92 if the persistency evaluations were calculated over the time period 60 to 180 days. The latter day representing the stage in lactation where 6 TDs were available for daughters of bulls, assuming a 30-day sampling interval.
The means and standard deviations of under and over-predictions in persistency PTAs for bulls are in Table 6 . Generally, the mean under and overpredictions increased with a reduction in the number of test days used in the evaluation.
Discussion
In contrast to PTAs from the FRM, which measure cow differences at the height of the lactation curve (Jamrozik et al., 1997) , PTAs from the RRM account for individual cow differences in the shape of the lactation curve and should, theoretically, result in more accurate evaluations of cows and bulls. In this study the efficiency of the RRM and FRM models with part lactation test days has been evaluated by comparing evaluations from 2, 4 and 6 TDs with those from 10 TDs within each model. Such a comparison within each model has not accounted for any differences between both models, even when 10 TDs are present. Ideally, a simulation study in which the true breeding values are known would be more suitable to evaluate the efficiency of both models, as PTAs from part or completed lactation would be compared with the known true breeding values. Such a comparison would then include the theoretically expected difference in accuracy between both models which is lacking in the 'within model' comparison done in this study. Thus it is difficult to evaluate the relative efficiency of both models using the correlations of PTAs from part lactation TDs with those from completed lactations done within each model. The general conclusion from these correlations is that both models gave a similar level of re-ranking with part lactation TDs relative to evaluations from completed lactations. The slightly higher rank correlation of 0·97 PTA2 with PTA10 from the FRM compared with 0·95 for RRM for bulls could partly be attributed to the limited number of bulls and the higher heritability for the FRM (0·25 v. 0·09-0·12 RRM) in early lactation.
Considering cow evaluations with 4 or 6 TDs, the FRM resulted in higher mean under and overpredictions when compared with the RRM. In general, bulls followed the same trend. This could be attributed to the fact that the FRM does not account for individual differences in the shape of the lactation curve. Moreover, Liu et al. (1998) , from residual analyses, indicated that RRM gave a better goodness of fit to TD data compared with the FRM. They observed that the FRM did not properly model the variation within age-parity-season subclasses and a clear pattern of negative residuals was seen for the FRM in the latter stages of lactation, suggesting FRM did not remove days in milk effects properly. With the FRM, cows belonging to different subgroups, such as age-season for example, are allowed to have different average lactation curves. In this study, nine age-season sub-classes were defined and it could be argued that the efficiency of FRM could have been improved by elaborately defining more sub-classes.
With the initial 2 TDs, the RRM generally gave higher mean over-predictions relative to the FRM for both cows and bulls. Over-predictions in cow evaluations in both models were associated with cows with high yields at the initial stage of their lactation, which declined rapidly as the lactation progressed. With the 2 TDs the modelling of the lactation curve on the high initial test days resulted in large over-prediction with the RRM, as the rapid decline at the later stage of lactation was not properly accounted for. Thus, for the four bulls with the largest over-prediction, the difference between persistency PTA 10 TDs and those from 2 TDs (PS10-PS2) ranged from -5 to -10%. An indication of overestimation of persistency PTA with 2 TDs. However, the FRM seems to give a conservative estimate of the height of the curve from the initial high 2 TDs, which better accommodated the rapid decline at the later stage of lactation for these cows, hence lower overprediction. In addition, the lower over-prediction with 2 TDs with the FRM could also be partly due to the higher heritability of early TDs in this model relative to the RRM. The heritabilities for early lactation TDs in the RRM were low, varying from 0·09 to 0·12 compared with 0·25 for FRM. The higher heritability would imply more accurate predictions for the FRM and lower parent contribution. As the number of TDs increased to 4 or 6, the RRM, through modelling of individual cow lactation curves, resulted in a better prediction of PTAs with part lactation information compared with the FRM.
As expected, under-predictions with part lactation test days relative to 10 TDs was associated with cows that are very persistent through their lactation. Therefore, the initial few TDs were inadequate in modelling the lactation curve of these cows with the RRM. The difference between persistency PTAs from 10 TDs and those from 2 TDs (PS10-PS2) for the four bulls with the largest under-predictions with the RRM, ranged from +5 to +7%. The problem of underprediction was more obvious with the FRM, which does not account for the shape of the lactation curve.
One of the major advantages of utilizing test day information is the provision of early evaluations for young bulls on test. It is therefore important that early evaluations obtained from initial TDs do not under-or over-predict the eventual evaluations when daughters have completed their lactations. Jamrozik et al. (1997) indicated that an RRM should reduce the rip-dip effect because evaluations of bulls will initially depend on ancestors' evaluations for the curve parameters. Thus, if ancestors had more persistent progeny, then the persistency would be reflected in the evaluation of the bull before the bull has any lactating daughters. Relative to the FRM, the RRM, in general, resulted in the reduction of the ripdip effect. However, even with the RRM, problems of large rip-dip effects are still observed, especially with 2 TDs. It seems that the ancestors' influence is rapidly reduced as the number of daughters accumulate, even with few test days. In this study, the rip-dip effect was observed in bulls with only 25-30 daughters and with each daughter having only 2 TDs. This reduction in the ancestor's influence could be due to the fact that weight on progeny records with 2 TDs and 20 daughters is about 75% relative to pedigree information in RRM in the first lactation (Kistemaker, 2000) . The emphasis shifts rapidly to daughter records as the number of daughters increases; therefore adequately modelling the lactation curve of daughters becomes important in reducing the rip-dip effects. Currently, most RRM define fixed regressions within region, age and season of calving subclasses and the appropriate definition of these subclasses could be very important in adequately modelling the lactation curve of bull daughters. Some work has shown that herd specific lactation curves might be justified (Bauman et al., 1999) and in some cases, herd by year curves might be necessary.
Moreover, one of the reviewers indicated that the ripdip effect observed for some bulls with part lactation TDs may also be due to the fact that, with less than 10 years of data, the persistency of the ancestors is not well established so that correlations among the coefficients of the lactation curve are higher than they will be with complete data. Thus, as a result of the genetic correlation between test days, the evaluations of bulls whose persistency differs from the average will change as data from later stages of lactation is added. This may partly account for the lower than expected correlations between persistency PTAs estimated from 6 and 10 TDs. An examination of the standard deviation of the differences between bull proofs based on 6 and 10 TDs indicates that about two-thirds of the variation is observed in the period between 6 and 10 TDs. This indicates that differences between evaluations from 6 and 10 TDs are more pronounced in the period of the lactation after 6 TDs and hence, the lower than expected correlation in persistency evaluations.
Conclusion
PTAs based on the initial 2 TDs compared with those from 10 TDs with both RRM and FRM, resulted in substantial re-ranking in bull and cow proofs. With 4 to 6 TDs, good initial predictions of the final PTAs based on 10 TDs for bulls and cows were obtained for both models. Generally, the FRM resulted in larger mean under-prediction of cow and bull PTAs with part lactation TDs when compared with the RRM. The same trend was observed in terms of mean over-prediction except for the initial 2 TDs, where the RRM resulted in higher mean overpredictions, especially in cows with initial high test day yields but poor persistency. The use of the initial 2 TDs in the evaluation of young bulls with a RRM could still result in a rip-dip effect for some young bulls whose daughters are very persistent or whose initial test day yields are very high but persistency is very poor. Correlations between persistency PTAs estimated from 6 TDs and 10 TDs from the RRM were lower than expected, indicating caution when interpreting persistency PTAs from limited TD information.
